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1. INTRODUCTION 
Virtual breakdown of natural barriers to plant dispersal due to geometric 
increase in intercontinental traffic, involving both humans and goods, has also 
increased the movement, active or passive, of living organisms or their propagules to 
alien territories. Invasion by the alien plant species is responsible for the 
homogenization of floras and is a grave threat to biodiversity and ecological integrity 
of native habitats and ecosystems (Booth et ai, 2003; Hulme, 2003). Species invasion 
affects the invaded habitats in many ways i.e. impact on indigenous species diversity, 
soil nutrient status, altered forest fire cycles and loss of productivity etc. Invasive 
species are also thought to jeopardize the survival of plant species which are already 
endangered or threatened around the world (Pimentel et al, 2005). 
It is estimated that 10% of total plant species, on an average, are good 
colonizers. Thus, it can be estimated that of the 260,000 documanted vascular plant 
species known around the world, about 26,000 are potential invaders. Further, there 
are about 10,000 recognized invasives and 40% of these have been exchanged among 
different regions of the world (Rapoport, 1991). Besides this, 20% or more of the 
plant species in many continental areas and 50% or more on many islands are 
estimated to be exotic (Rejmanek and Randall, 1994). In India, Ageratum conyzoides 
L., Parthenium hysterophorus L., Lantana camara L. and Eupatorium adenophorum 
are major terrestrial invaders and are causing huge loss to indigenous plant species 
diversity (Dogra et al., 2009). 
A great deal of work has been done on allelopathic effects of Parthenium 
hysterophorus, Ageratum conyzoides and Lanatana camara on crop plants. Pluchea. 
Lanceolata (DC.) C. B. Clarke has attracted rather little attention of invasion 
ecologists. Inderjit and his associates have studied the effect of this species on some 
plants (Inderjit et al, 1998; Inderjit and Dakshini, 1996a, 1996b and Inderjit, 2002 
etc.). This species is abundantly found in Aligarh, therefore, it is important to study 
the impact of this species on vegetable crops. 
Pluchea Cass. Family (Asteraceae) is a genus of shrubs and undershrubs 
distributed in the tropical and subtropical regions of the world (Anonymous, 1976 and 
Hooker, 1881). In India, six species {P. arguta Boiss.; P. indica (L.) Less.; P. 
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lanceolata (DC.) C. B. Clarke; P. linearifolia C. B. Clarke; P. tomentosa DC. and P. 
wallichina DC.) have been reported from Bengal, northwest India, central India, 
Gujrat, and all along the western peninsular region up to Trivandrum in Kerala. P. 
arguta, P. linearifolia and P. wallichina show restricted distribution while remaining 
three species are relatively widely distributed (Kumar and Pant, 1995). 
P.lanceolata (DC.) C. B. Clarke (Fam. Asteraceae) is an aggressive, 
pernicious, rhizomatous evergreen weed, with heavy root branches and dense 
subterranean parts. It is chiefly found in sandy and saline tracts of the dry plains of the 
north-western India both in cultivated and uncultivated areas (Dakshini and Sabina, 
1981; Rice, 1995 and Inderjeet et al, 1998). It also occurs in North Africa, 
Afghanistan and Pakistan (Nasir and Ali, 1972 and Oliver, 1885). It causes 
considerable damage to winter and summer season crops. The conventional control 
measures such as deep ploughing, burning of aboveground parts and application of 
herbicides are not much successful. Allelopathy is considered as a probable cause of 
P. lanceolata interference with co-existing species. (Inderjit and Dakshini 1990, 1992, 
1994a, 1994b, 1996a ,1996b; Inderjit et al., 1996). It has different common names in 
India: Reshami and Sarmei in Punjab; Baisurai in Uttar Pradesh; Rasana or Rashana 
in Maharashtra; Chotakalia in Rajasthan and Rukhri in Delhi (Kumar and Pant, 1995). 
1.1 DESCRIPTION 
Pluchea lanceolata (DC.) C. B Clarke, Comp. Ind. 94. 1876. Kumar and Pant, Flora 
of India 13: 153 - 157. 1995. Berthelotia lanceolata DC. Prodr. 5:376. 1836; 
Hook.f.in Fl. Brit. India 3: 272. 1881. 
Undershrubs, erect, up to 1.2 m tall; stems and branches terete, obscurely 
striate, slender, softly adpressed pubescent. Leaves oblong or oblanceolate, narrowed 
at base, obtuse, apiculate, margins obscurely dentate at apex, 2-6 x 0.4-1.0 cm, 
coriaceous, finely silky pubescent on both surfaces; main nerves prominent. Heads 
pink, ovoid or campanulate, in compound pubescent corymbs, much broader, 6-7 mm. 
Outer involucral bracts tinged with purple at apex; 2-3 seriate, obtuse, 2.5-4 x 2 mm, 
silky pubescent, inner scales linear, scarious, sub-acute, slightly narrower, longer than 
the outer. Receptacle flat, naked. Cypselas small, white, linear, glabrous. Pappus hairs 
distinctly connate at base. 
Plate - 1 : Pluchea lanceolata •d 
, / ~ C ^ V?TK-V^O^ 
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1.2 PHYTOCHEMISTRY 
P. lanceolata is known to produce water-soluble phenolic compounds that 
inhibit germination and growth of certain plant species. Several phenolic compounds 
(hesperidin, taxifolin 3-arabinoside, formononetin-7-O-glucoside, phenol, 
phloroglucinol, and quercitrin and chlorogenic acid) have been detected in the soils 
associated with this weed (Inderjit and Dakshini, 1991, 1992a, 1994b, 1995a). 
1.3 IMPACT ON PLANTS 
Yield of crops continues to decrease even after the weed is physically removed 
from the field, suggesting the presence of persistent toxic residues in the soil or 
alterations in soil characteristics. P.lanceolata has tremendous potential for 
modulating its life cycle strategies in response to diverse ecological stress by acting as 
"competitor," a "resistor," or a "reactor" (Dakshini and Sabina, 1981). While studying 
the ecological strategies of this weed, Dakshini and Sabina (1981) reported that under 
favourable conditions (i.e., high disturbance, no stress) the weed causes stress to 
cultivated crops and out competes them due to its vigorous growth and high densities. 
P. lanceolata amended soils reduced seed germination, number of nodes, internodes 
length, shoot and root length, nodule number and weight, and chlorophyll a and b of 
asparagus bean (Vigna unguiculata var. sesquipedalis) (Inderjit and Dakshini, 1992b). 
Inderjit et al., (1996) reported that allelopathic potential of P. lanceolata varies in 
soils from different sites. A continuous availability of allelopathic compounds and 
periodic replenishment of these compounds is likely due to the perennial nature of the 
weed. Regular cultivation, which is common in fields, might enhance the 
concentration of allelopathic compounds in the soil (Inderjit, 1998). P. lanceolata 
influences soil properties in addition to causing variation in soil phenolics. Aqueous 
leachates of roots of P. lanceolata incorporated with soil and rhizosphere , interfered 
with the seedling growth of certain plant species (Inderjit, 1994c). Inderjit et al.. 
(1999) reported that leachates obtained from sequential washings of P. lanceolata 
leaves with water and soil amended with leaves of these washings showed variations 
in total phenolic content. From this they demonstrated that phenolic concentrations of 
aqueous leaf leachate decreased with each washing. The growth of mustard and wheat 
decreased as the phenolic concentration in the amended soil increases. P. lanceolata 
can bring about permanent damage to valuable cultivated land with time if not 
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controlled, especially in semiarid regions where degradation and decay of phenolic 
compounds is slow and delayed (Inderjit and Dakshini, 1996a). The weed achieves its 
interference success by growth inhibition and establishment of certain plant species 
through water-soluble compounds synthesized by the weed and released into the soil 
(Inderjit and Dakshini, 1990, 1992b, 1994a. 1996a, 1996b) 
Vegetables contribute towards food and nutritional security of the people and 
are also an important source of livelihood for a large section of people involved in 
their cultivation and trade. India is now the second largest producer of vegetables with 
146.554 million metric tormes production for the year 2010-11 after China (Ministry 
of Food Processing Industry, 2012). Okra and radish are most important vegetables of 
India. 
Okra {Abelmoschus esculentus Linn, family Malvaceae) is an annual, erect 
herb, 0.2-2.1 m in height, covered with hairs. Cultivated as vegetable crop throughout 
the tropical and subtropical parts of the world either as the sole crop or intercrop with 
maize or sugar cane etc. (Emuh et al, 2006). It is found under cultivation throughout 
India, up to an altitude of 1,200 m. Okra plays an important role in the human diet by 
supplying carbohydrate, protein, fats, minerals and vitamins that are usually deficient 
in the staple food. The nutritional value of okra fruits has reawakened interest in 
bringing the crop into commercial production. Okra plants require warm temperatures 
and are sensitive to low temperature and frost. The optimum temperature is in the 
range of 21-30°C, with minimum temperatures of 18°C and maximum of 35°C. The 
tender fruits are used as vegetable. Mucilaginous extract of the green stem is 
commonly employed in India for clarifying sugarcane juice in jaggery (gur) 
manufacture. 
Radish {Raphanus sativus Linn. Family Brassicaceae) is an annual or 
biermial herb with a white or brightly coloured ftisiform tap root, and is cultivated 
throughout India up to 3,000 m. This species is said to be a native of Java. Some 
authors are of opinion that it is cultigen of R. sativus which has been bred in tropical 
garden; others are of opinion that the rat-tail radish and the Indian group of radish 
evolved from some special wild forms formerly wide spread on the coast of India and 
the island of Southern-Eastern Asia and which have now disappeared (Anonymous, 
2003). The radish is eaten raw as salad or cooked as vegetable. It is much relished for 
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its pungent flavor and is considered as an appetizer. Radishes may contain goitrogens, 
a plant based compounds found in cruciferous vegetables like cauliflower and 
broccoli etc. Radish is credited with refreshing and depurative properties. It is useful 
in Liver and Gall Bladder troubles. Radish is a good source of ascorbic acid (15-
40mg/100g) and supplies a variety of mineral salts. Radish contains glucose as the 
major sugar and smaller quantities of fructose. 
This study aims to investigate and document the impact of aqueous extract and 
soil application of dried leaves of Pluchea lanceolata C. B. Clarke (Fam. Asteraceae) 
on two vegetable crops viz. Okra {Abelmoschus esculentus Linn.) and Radish 
{Raphanus sativus Linn.). 
2. REVIEW OF LITERATURE 
2.1 HISTORY 
Throughout history, man has embraced the idea of cultivating exotic plants 
worldwide for agricultural, aesthetic, and other purposes. However, moving biological 
organisms across geographical areas and continents has created a human induced 
breakdown of biogeographical barriers to species dispersal and many species that 
evolved allopatrically are now living sympatric (D'Antonio and Vitousek, 1992; 
Richardson et al., 2000). Elton (1958) stated, " The real thing is that we are living in 
the period of the world's history when the mingling of thousands of kinds of 
organisms from different parts of the world is setting up terrific dislocations in nature. 
We are seeing huge changes in the natural population balance of the world". Despite 
his warning, the consequences of these introductions of plants and animals had not 
been fully recognized until recently. 
Alphosne De Candole, Charles Darwin, and Joseph Dalton Hooker devoted 
substantial attention to exotic plants invasion in the 19th century. After the 
publication of Charles Elton's (1958) "The Ecology of Invasion by Animals and 
Plants", Invasion Ecology emerged as a new discipline of ecology. From 1960 to 
early 1980s invasion ecology progressed on very slow pace (Salisbury, 1964 and 
Baker and Stebbins, 1965). A voluminous literature has, however amassed from late 
1980s to present on this subject (Drake et al, 1989; Willimsons, 1996; Shigestada and 
Kwasasaki, 1997; Sandlund et al, 1999; Sheley and Petroff, 1999; Bossar et al., 
2000; Tilman et al, 2002; Child et al, 2003 and Kowarik, 2003). 
2.2 DEFINITIONS 
The term "species invasion" was first coined by Elton (1958). Non native species, 
which have been introduced to a particular area purposely or accidentally are called 
alien/ non native/ naturalized species or exotic species. According to Ricciardi and 
Cohen (2007) the term "invasive" has been used to describe inter alia (1) any 
introduced non-indigenous species; (2) introduced species that spread rapidly in a new 
region; and (3) introduced species that have harmful environmental impacts, 
particularly on native species. 
Some important definitions of invasive species are as follows-
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1. "An invader plant is any indigenous or exotic plant species having a detrimental 
effect on the growth of commercial species, giving rise to particular 
management problems or growing where it is not wanted" (Le Roux, 1981). 
2. "An alien species whose introduction does or whose introduction is likely to 
cause economic or environmental harm or harm to human health" (Executive 
Order ,1999). 
3. "An alien species which becomes established in natural or semi-natural 
ecosystems or habitats, is an agent of change, and threatens native biological 
diversity" (lUCN, 1999). 
4. "Naturalized plants that produce reproductive offspring, often in very large 
numbers, at considerable distances from parent plants (approximate scales being 
more than 100 m in less than 50 years for taxa spreading by seeds and other 
propagules; more than 6m per 3 years for taxa spreading by roots, rhizomes, 
stolons or creeping stems) and thus have the potential to spread over 
considerable areas" (Richardson et al., 2000). 
5. "Invasive alien species are species introduced deliberately or unintentionally 
outside their natural habitats where they have the ability to establish themselves, 
invade, out-compete natives and take over the new environments" (CBD News, 
2001). 
6. "Species that are able to survive, reproduce and spread, unaided, and sometimes 
at alarming rates, across the landscape" (Van Wilgen et al., 2001). 
7. "Species that displace native species and have the ability to dominate an 
ecosystem, or a species that enters an ecosystem beyond its natural range and 
causes economic or environmental harm" (Heutte and Bella, 2003). 
8. Widespread nonindigenous species that have adverse effects on the invaded 
habitat" (Colautti and Maclsaac, 2004). 
9. "Species spread beyond their native range, not necessarily harmful, or species 
introduced to a new range that establish themselves and spread" (Jeschke and 
Strayer, 2005). 
All the defmations have following common criteria-
• The species in question should be non native, non indigenous or alien . Le 
Roux (1981) considered even an indigenous species as 'invader" if it 
causes harm to commercial plants and creates management problems. 
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• It should be a superior competitor and 
• It should cause harm to human health, environment and habitat. Jeschke 
and Strayer (2005) do not consider the harmful effect as necessary criteria 
for a species to be labeled as invasive 
2.3 BIOLOGICAL ATTRIBUTES OF INVASIVE SPECIES 
2.3.1 Biological attributes of a potential invasive species-
2.3.1.1 Fitness homoeostasis: Hoffman and Parsons (1991) hold the view that the 
ability of an individual or population to maintain relatively constant fitness over a 
range of environments (promotes invasiveness). Individual fitness homoeostasis 
(supported by phenotypic plasticity) seems to be equivalent with Baker's (1974, 
1995). Population fitness homoeostasis can, as a result of both individual fitness 
homoeostasis and population genetics polymorphism, contribute to species 
invasiveness (Rejmanek,1999). 
2.3.1.2 Geographical range: Forcella and Wood (1984); Rejmanek (1995, 1996a, 
1999); Goodin et al, (1998) believe that the size of primary geographical ranges of 
herbaceous species is a possible predictors of their invasiveness. Both population 
fitness homoeostasis and dispersal abilities seem to be behind this generalization. 
2.3.1.3 Vegetative reproduction: Vegetative reproduction is responsible for an 
increase of habitat compatibility and, therefore, for successful establishment and 
spread of many species in terrestrial environments and even more so far dispersal in 
aquatic habitats (Auld et al, 1983; Pieterse and Murphy, 1990; Henderson, 1991; 
Aptekar and Rejmanek, 1999). The importance of vegetative reproduction for 
successful invasions increases with latitude (Pysek, 1997). 
2.3.1.4 Size, weight and number of seeds: The three attributes that are directly or 
indirectly contributing to plant invasiveness are small seed mass (<50 mg), a short 
juvenile period (<10 yr), and short intervals between large seed crops (1-4 yr) 
(Rejmanek and Richardson, 1996, 2004). It seems that somewhat larger seeds (3-10 
mg) extend species habitat compatibility (Burke and Grime, 1996). 
2.3.1.5 Dispersal of seeds: Dispersal is a key indicator of invasiveness. The spread of 
many alien species is heavily dependent on human activity (Panetta and Scanlan, 
1995), animals and by wind. 
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> Animals - Seed dispersal by vertebrates is responsible for the success of many 
invaders in disturbed as well as 'undisturbed' habitats (Binggeli 1996: 
Rejmanek, 1996a, 1996b; Richardson et al. 2000b. and Widlechner and lies. 
2002). Even some very large-seeded alien species like Mangifera indica can 
be dispersed by large mammals. The proportion of naturalized plant species 
dispersed by vertebrates seems to be particularly high in Australia which is 
about 50% ( Specht and Specht, 1999). 
> Humans - Passive dispersal by humans greatly improve an alien plant taxon's 
chance of becoming invasive. The spread of many alien species is heavily 
dependent on human activity (Panetta and Scanlan, 1995). People can spread 
invasive plants by carrying seeds and other plant parts on their shoes, clothing 
and equipments etc. A common pathway for dispersal of invasive aquatic 
plants is through attachment to anchors, propellers, and wheel wells. 
> Wind - For wind dispersed seeds, passive dispersal by humans greatly 
improve an alien plant taxon's chance of becoming invasive is negatively 
related to a terminal velocity of seeds which is positively related to seed mass 
(Rejmanek and Richardson, 2004). Because of the trade-off between seed 
number and mean seed mass, small-seeded taxa usually produce more seeds 
relative to biomass. Long distance seed dispersal may be achieved through the 
production of small, light seeds that are readily transported by wind. 
2.3.2 ATTRIBUTES OF INVASIVE HABITAT 
All habitat are not equally susceptible to invasion (Sharma et al., 2005). It 
must however be kept in mind that the vulnerability of a particular habitat to invasion 
does not imply that any invasive plant reaching there will succeed. The five attributes, 
which might render a habitat susceptible to invasion are listed below: 
> Species poverty 
> Poorly adaptated native species 
> Absence of predators 
> Gaps generated by the disturbances, and 
> Presenceof empty niches. 
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Pysek et al., (1995) and Williamson and Fitter (1996) believe that an 
undisturbed (natural and semi natural) plant community in mesic environment is more 
likely to be invaded by taller plant species. Conversely, forest and shrublands, are 
often invaded by short species, for example Hieracium lapidulum. 
2.3.3 Attributes of habitat vulnerable to invasion 
Biological character promotes invasiveness. The general theory of invasibility 
intermittent resource enrichment (eutrophication) or release (due to 
disturbance) increases community susceptibility to invasions coincides with 
availability of suitable propagules. The larger the difference between gross 
resource supply and resource uptake, the more susceptible the community to 
invasion. This was anticipated by Vitousek and Walker (1987) and expressed 
more rigorously by Shea and Chesson (2002). Lake and Leishman (2003) 
explain the two hypothesis which promotes success of exotic species by: 
(1) plant attributes in particular disturbance types; and (2) freedom from 
herbivores. They found that sites without any disturbance did not support 
exotic plants. Physically disturbed sites on low fertility soils supported only 
one exotic species, suggesting that nutrient enrichment is a critical prerequisite 
for exotic species invasion on low fertility soils. Exotic species cover was 
highest and native species richness mostly reduced in areas of highest nutrient 
enrichment. 
2.4 THEORY OF INVASIBILITY: FLUCTUATING RESOURCES IN PLANT 
COMMUNITIES 
Davis et al, (2000) proposed a theory to predict the habitat invasibility based on 
following assumptions. 
1. Environment subjected to pronounced fluctuation in resource supply, either by 
periodic enrichments from external sources or by release from the resident 
organisms, will be more susceptible to invasions than environments with more 
stable resource supply rates (Rejmanek, 1989). 
2. Environment will be more susceptible to invasion during the period 
immediately following an abrupt increase in the rate of resource supply or 
decline in the rate of a limiting resource uptake. 
in 
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3. Invasibility will increase following disturbances, disease and pest outbreaks 
that increase resource availability by increasing resource supply (e.g. direct 
leakage from damaged tissues) and/or reducing the rate of resources capture 
by the resident vegetation. 
4. Invasibility will increases when there is a long interval between an increase in 
the supply of resources and the actual capture or recapture of the same by the 
resident vegetation. 
5. The susceptibility of a community to invasion will increase following the 
introduction of grazers into the community, particularly if the community is 
nutrient-rich. 
6. There will be no necessary relationship between the species diversity of plant 
community and its susceptibility to invasion. 
7. There will be no general relationship between the average productivity of 
plant community and its susceptibility to invasion. 
First five assumptions of this theory attribute the invasibility of a communit\ 
to availability of surplus resources there in. The theory is quite appealing logically. 
Experimental evidences to corroborate or refute this theory is, however, lacking. 
2.5 HABITAT FRAGMENTATION AND POPULATION PERSISTENCE 
PROMOTE INVASIBILITY OF COMMUNITIES 
Spread of invasive species may occur more rapidly in fragmented landscapes. 
For example, the brown-headed cowbird {Moluthrus ater), an avian brood parasite, 
spread rapidly in response to clear felling of forests to establish European settlements 
in eastern United States, some 200 years ago (Ehrlich,1989). Brown-headed cowbirds 
may dramatically reduce the reproductive success of their avian hosts, and this species 
has been implicated in the decline of many Neotropical bird species that breed in the 
temperate forests of North America. 
2.6 A STOCHASTIC THEORY OF RESOURCE COMPETITION, INVASION, 
AND COMMUNITY ASSEMBLY 
Stochastic niche theory resolves many of the differences between neutral 
theory and classical tradeoff-based niche theories of resource competition and 
community structure. In stochastic niche theory, invading species become established 
only if propagules can survive stochastic mortality by utilizing the resources left 
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unconsumed by established species. The theory makes three predictions about 
community structure (Tilman, 2004). 
1. Stochastic niche assembly creates communities in which species dominate 
approximately equally wide "slices" of the habitat's spatial heterogeneity. 
These niche widths generate realistic distributions of species relative 
abundances for which, contrary to neutral theory but consistent with numerous 
observations, there are strong correlations among species traits, species 
abundances, and environmental conditions. 
2. Slight decrease in resource levels are predicted to cause large decrease in the 
probability that a propagule would survive to adult stage. These decreases cause 
local diversity to be limited by the inhibitory effects of resource use by 
established species on the establishment (recruitment) of potential invaders. If 
resource pulses or disturbance allowed invaders to overcome this recruitment 
limitation, many more species could indefinitely coexist. 
3. The low invasibility of high diversity communities is predicted to result not 
from diversity per se, but from the uniformly low levels of resources that occur 
in high diversity communities created by stochastic competitive assembly. This 
prediction provides a potential solution to the invasion paradox, which is the 
tendency for highly diverse regions to be more heavily invaded. 
2.7 LIGHT AND NUTRIENTS PROMOTE INVASIVENESS 
Gurevitch et al., (2008) compared factors influencing early seedling 
establishment of native and invasive woody plants in forest communities. They 
conducted manipulative field experiments in two different years to determine the 
relative importance and interaction of experimental gaps and N and Ca addition in 
pine barrens and hardwood forests in promoting invasion. They used seedlings of 
seven common native and invasive species in the first experiment, and 16 native and 
invasive species paired phylogenetically in the second experiment. Light had the 
strongest effect on plant growth; all plants grew more in gaps. They found no 
difference in the average growth rates of native and invasive species. Invasives 
responded more to high resources than did natives, with highest relative growth rates 
in gaps in the more fertile soils of the hardwood forests. 
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Schumacher et al, (2008) also studied the growth of seedling of native and 
invasive tree species from secondary tropical forests on Mahe (Seychelles). The\ 
conducted a garden (pot) experiment comparing the growth of seedlings of five native 
and five invasive tree species under different light (7% and 60% transmittance) and 
water (natural and repeated drought stress) conditions. From this experiment the\ 
concluded that water stress may reduce the invasibility of shaded habitats by fast-
growing invasive species, while water stress in unshaded habitats may have less effect 
on invasive species. 
Daehler (2003) compared 79 independent native-invasive plants. He found 
that the alien invaders were more likely to have a higher growth rate, competitive 
ability, or fecundity. The relative performance of the invader, and co-occurring 
natives often depends upon growing conditions. In 94% of 55 comparisons involving 
more than one growing condition, the native's performance measures in some 
growing conditions, invader were more likely to have leaf area and lower tissue 
construction cost and greater phenotypic plasticity. There appear to be few "super 
invaders" that have universal performance and advantage over co-occurring natives; 
rather, increased resource availability and altered disturbance regimes associated with 
human activities often differentially increase the performance of invader over that of 
natives. 
2.8 CLIMATE CHANGE 
Climate change is expected to worsen the world's invasive species problems 
(Dukes and Mooney, 1999), because disturbed ecosystems are more vulnerable to 
biological invasion ( Hobbs and Huenneke, 1992). Weeds and other pests often do 
better if there is disruption from fire, floods, logging, livestock grazing, or 
hydrological changes. 
According to Masters and Norgrove (2010) climate change can aggravate 
biological invasion as: 
> Potential invasives, will be new entering regions due to climate change, 
> Species hierarchies in ecosystems will change, leading to new dominants that 
may have invasive tendencies, and 
> Climate induced stress in an ecosystem will facilitate invasive pathways. 
Review of Literature 
Hellmann et al., (2008) used the stages of invasion known as the "invasion 
pathway" to identify five non exclusive consequences of climate change for invasive 
species: 
(1) Altered transport and introduction mechanisms. 
(2) Establishment of new invasive species. 
(3) Altered impact of existing invasive species. 
(4) Altered distribution of existing invasive species, and 
(5) Altered effectiveness of control strategies. 
These five consequences also emphasize the need for enhanced environmental 
monitoring and expanded coordination among entities involved in invasive-species 
management. Adler et al, (2009) studied the effects of altered precipitation and 
interspecific interactions on the low density tiller growth rates and biomass 
production of three perennial grass species in Kansas, USA mixed prairie. They 
concluded that altered precipitation will influence per capita competitive effects. In 
some precipitation treatments, interspecific interactions appear strong enough to affect 
the balance between population persistence and local exfinction. Therefore, ecological 
forecasting models should include the effect of interspecific interactions on 
population growth, even if such interaction coefficients are treated as constant. 
Anderson and Ferree (2010) tested how well geology predicts the species diversity of 
14 US States and three Canadian provinces, using a comprehensive new spatial data 
set. They concluded that the result of linear regressions of species diversity on all 
possible combinations of 23 geophysical and climatic variables indicated that four 
geophysical factors; the number of geological classes, latitude, elevation range and 
the amount of calcareous bedrock, predicted species diversity with certainty (adj. R = 
0.94). Their results suggest that protecting geophysical setfings will conserve the 
stage for current and future biodiversity and may be a robust alternative to species-
level predictions. Taylor et al, (2012) proposed a niche model of Lantana camara 
using CLIMAXS to estimate its potential distribution under current and future climate 
scenarios. The model was calibrated using data from several knowledge domains, 
including phenological observations and geographic distribution records. The 
potential distribution of L. camara under historical climate exceeded the current 
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distribution in some areas of the world, notably Africa and Asia. Under future 
scenarios, the climatically suitable areas for L. camara globally were projected to 
contract. However, some areas were identified in North Africa, Europe and Australia 
that may become climatically suitable under future climates. In South Africa and 
China, its potential distribution could expand further inland. These results can provide 
knowledge about strategic planning by biosecurity agencies, identifying areas to 
target for eradication or containment. Distribution maps of risk of potential invasion 
can be useful tools in public awareness campaigns, especially in countries that have 
been identified as becoming climatically suitable for L. camara under the future 
climate scenarios. Shrestha et al., (2012) analysed temperature and rainfall data, and 
NDVI (Normalized Difference Vegetation Index) from remotely sensed imager\. 
They reported significant changes in temperature, rainfall, and vegetation phenology 
across the Himalayas between 1982 and 2006. The average armual mean temperature 
during the 25 year period has increased by l.S'^ C with an average increase of 
0.06°Cyr"". The average annual precipitation has increased by 163mm or 6.52mmyr''. 
Temperature and precipitation are immediately manifested as changes in phenology of 
local ecosystems, they examine phenological changes in all major ecoregions. The 
average start of the growing season (SOS) seems to have advanced by 4.7 days or 
0.19 days yr"' and the length of growing season (LOS) appears to have advanced by 
4.7 days or 0.19 days yr' , but there has been no change in the end of the growing 
season (EOS). There is considerable spatial and seasonal variation in changes in 
climate and phenological parameters. This is the first time that large scale climatic 
and phenological changes at the landscape level have been documented for the 
Himalayas. The rate of warming in the Himalayas is greater than the global average, 
confirming that the Himalayas are among the regions most vulnerable to climate 
change. 
2.9 ALLELOPATHY 
Rice (1984) defined allelopathy as direct or indirect, beneficial or harmful, 
effect of one plant (including microorganisms) on the other through the release of 
chemicals into the environment. The term "allelochemicals" derives from 
"allelochemics," coined by Whittaker and Feeny (1971), and was first used by Chou 
and Waller (1983). Since then, the term has been used in literature dealing with 
interspecific chemical interactions between organisms. Allelochemicals are released 
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into the environment through leaching of Hving plant parts, root exudates, 
volatiUzation, residue decomposition, microbial activity, and agricultural practices 
such as plowing of plant residues into the soil (Muller, 1966, 1969; Putnam and Tang, 
1986; Inderjit and Dakshini, 1992b, 1994a, 1995b, 1996). 
Allelopathic potential of Lantana camara and Chromolaena odorata on the 
germination and growth of five crops was studied by Sahid and Sugau (1993). The 
effect of the L camara extract at full strength (66.7 g L'') did not reduce germination 
of Spinacia oleracea and Cucumis sativus seed. Whereas Siam Weed extract, when 
applied at full strength to seed of spinach, Chinese cabbage, rape, and chilli, reduced 
germination by 10, 12, 21, and 19% of control, respectively. Batish et al, (2002) 
investigated that extracts prepared from Parthenium hysterophorus residues were 
phytotoxic to both the test crops chickpea ( Cicer arietinum) and radish (Raphanus 
sativus) and were also rich in phenolics. The presence of phenolics in P. 
hysterophorus residues and their interference with soil chemistry upon release may 
be responsible for a decrease in the growth of radish and chickpea. 
Philomina et al., (2002) found that the aqueous leaf extracts of Leucas 
lavendulaefolia and Achyranthes aspera at higher concentrations inhibited the seed 
germination and seedling growth of Pennisetum americanum. This investigation 
revealed that inhibitory substances present in the leaf extracts of these weeds caused 
much stronger inhibition on seed germination, leaf sheath elongation and root growth. 
Inderjit and Callaway (2003) concluded from their studies that allelopathy should 
include large-scale manipulation of chemical effects. They demonstrated the 
occurrence and importance of chemical mediated interactions among plants is not 
trivial. If even a small portion of the thousands of chemicals produced by different 
plant species have effects on their neighbours, then species-specific interactions, 
natural selection, community integration, and community coevolution may be quite 
different than predicted by conceptual models based solely on resource compefifion. 
Allelopathic effect of Ageratum conyzoides L., Cynodon dactylon L., Parthenium 
hysterophorus L., and Solarium nigrum L. on some variefies of soybean {Glycine max 
L. were studied by Verma and Rao (2006). Various parameters were observed like 
seed germination, seedling growth, total protein content and protein profile. They 
observed aqueous extracts of weeds (10% w/v) showed both inhibitory and 
stimulatory influence on percent seed germination and seedling growth in different 
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varieties of soybean. Samad et al., (2008) studied an allelopathic effect of five weed 
species viz. Polygonum hydropiper L., Amaranthus spinosus L., Chenopodium album 
L., Cyperus rotundus L. and Imperata cylindrica L. on com (cv. Barnali) seed 
germination, growth and development. These five weed species exhibited inhibition 
of seedling height and radicle length. They demonstrated that allelopathic potential of 
five weed species and suggested that those weed species may affect com seedling 
growth and development due to the inhibitory effect of allelochemicals, which are 
present in the dried parts and aqueous extracts of weed. Jabeen and Ahmed (2009) 
worked on allelopathic effects of three different weeds viz.. Onion weed {Asphodelus 
tenuifolius Cavase), pill-bearing spurge/Asthma plant {Euphorbia hirta L.) and 
Fumitory {Fumaria indica Haussk H.N.) on the growth of maize. It was observed that 
the Asphodelus tenuifolius and Fumaria indica inhibited % germination and 
germinafion index of maize. The growth parameters of maize did not show consistent 
effects by these weeds. Oyerinde et al., (2009) observerd stimulatory as well 
inhibitory allelopathic effect depending on plants growth stage on fresh shoot aqueous 
extract of Tithonia diversifolia (Hemsl.). They showed that the fresh shoot aqueous 
extract did not show a significant allelopathic effect on the germination of Z may and 
the fresh shoot aqueous extract of T. diversifolia was found to significantly stimulate 
the growth of plant two weeks old and above. In addition, chlorophyll a, chlorophyll b 
and total chlorophyll accumulation were reduced in these young plants. From their 
studies they were able to reveal that fresh shoot aqueous extract of T. diversifolia 
could have differing effects (inhibitory and stimulatory), on seedling growth of this 
test crop. Siddiqui et al, (2010) investigated the yield losses by 6 commonly 
occurring and most abundant weeds in wheat field viz., Phalaris minor Retz., Rumex 
dentatus L., Coronopus didymus (L.) Sm., Medicago denticulate Willd.. 
Chenopodium album L., and Poa annua L. They observed maximum yield losses of 
76% in Inqalab 91 were caused by P. annua followed by 75% by C. didymus, whereas 
other weeds caused 60-70% yield losses. In case of Punjab 96, maximum yield 
reduction of 55% was caused by R. dentatus followed by P. minor (28%), M 
denticulata, C. album (23%), C. didymus (10%) and P. annua (0%). Punjab 96 proved 
to be the comparatively resistant against weeds than Inqalab 91. Mubeen et al., (2011) 
observed the effect of root, shoot, leaf, seed and whole plants extract of Trianthema 
portulacastrum L., Dactyloctenium aegyptium L. and Eleusine indica L. on 
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germination and seedling growth of rice (Oryza sativa). They observed 50 % 
germination was observed where rice seeds were soaked in water extracts of roots of 
Trianthema portulacastrum L.. The rice seeds soaked in leaf extracts of T. 
portulacastrum L. showed the maximum inhibitory effects on root and shoot length of 
rice whereas, root and shoot dry weight per seedling as a result of interactive effect of 
weeds and water extracts was significantly minimum when rice seeds were soaked in 
root extract of Dactyloctenium aegyptium L. 
2.10. EFFECT OF PLUCHEA LANCEOLATA ON VARIOUS CROPS AND 
SOIL COMPOSITION 
Inderjit et al, (1999) found that from sequential washings of P. lanceolata 
leaves with water, and soil amended with leaves of these washings showed variations 
m total phenolic content. They demonstrated that phenolic concentrations of aqueous 
leaf leachate decreased with each washing. Another study by Inderjit (1998) soils was 
collected 10, 20, 30, and 40 m away from the weed to examine soil characteristics and 
quantitative and qualitative variation in soil phenolics. They concluded that P. 
lanceolata influences soil properties in addition to causing variation in soil phenolics. 
Inderjit and Dakshini, (1996) investigated four sites infested with P. lanceolate. All 
sites had similar precipitation, similar crops, and weeds in addition to P. lanceolata. 
They showed that crops demonstrated variation in allelopathic response to the soils 
from the four P.lanceolata infested sites. From this study they indicates that in natural 
field conditions, allelopathic potential of P. lanceolata varies because of agricultural 
practices specific to each site. Inderjit (1996) isolated two phenolic compounds, 
phenol and phloroglucinol from well water using UV spectroscopy. As a consequence 
of repeated irrigation with well water from P. lanceolata-infested fields, higher levels 
of phenolics can accumulate in the soil, which may contribute to increased 
interference to crop plants. P. lanceolata-'mfested cultivated fields inhibited the shoot 
growth of pea, chickpea, mustard, and wheat. Inderjit (2002) studied, mustard grown 
in plots with soil incorporated Pluchea had significantly reduced shoot height (61± 
8.8 cm), number of pods per plant (7 ± 3.2), number of seeds per pod (4.1 ± 3.9) and 
weight per seed (0.08 0.03 g) of mustard compared to mustard growing in Pluchea 
free soils. Pluchea infested and free soils were analyzed for pH, electrical 
conductivity, organic matter, soluble chloride, exchangeable phosphate, copper, zinc, 
sodium, potassium, magnesium, calcium and water-soluble phenolics. Pluchea 
Review of Literature 
infested soils had different values for electrical conductivity, CI, K and total phenolics 
when compared to Pluchea free soils. The reduced mustard growth and yield is 
proposed to be partly due to water soluble phenolic compounds contributed by 
Pluchea leaves into soil. 
2.11. STATUS OF INVASIVE SPECIES IN WORLD 
Alien species are the major problem for the world lots of work on exotic 
species has been done in China, Europe and United State. Many governments as well 
as non-government agencies are also taking part in this job. About 192 weed> plant 
species found in British Columbia (Anonymous, 2002) Guide to Weeds in British 
Columbia. The invasive plant species of Hanford Reach National Monument 
inventorized the inventory consisted of five lists, (a) Upland species: Active List (17 
species), (b) Upland species: Watch List (8 species), (c) Wetland and Riparian 
species: Active List (7 species), (d) Wetland and Riparian species: Watch List (4 
species), and (e) Species of concern which are already widely established (3 species). 
Evans et al, (2003) prepared an inventory of invasive plant species for Hanford 
Reach National Monument, South central Washington. This inventory divides the 
listed species into four categories (a) Upland species: Active List (17 species), (b) 
Upland species: Watch List (8 species), (c) Wetland and Riparian species: Acti\e List 
(7 species) and (d) Wetland and Riparian species: Watch List (4 species). In Mexico 
there are 618 species distributed over 355 genera and 87 families documented by 
(Villasenor and Espinosa-Garcia, 2004). lUCN, 2005 listed the medicinal and alien 
plants of North America, America and also their nativity. Chi (2005) studied the 
exotic plant invasion of upland plant communities in Hong Kong, China. The work 
includes an inventory of exotic plants found in upland areas of Hong Kong. Cymbaly 
(2007) inventorized invasive alien plant species found in the Carolinian zone. This 
work includes 40 invasive plant species. These species were divided into three habitat 
categories (a) Widespread aggressive invaders (b) Terrestrial invaders and (c) 
Aquatic/riparian invaders. Another thirty one species were listed without detailed 
treatment. One hundred of the world's worst invasive alien species listed by Lowe et 
al, (2000) are as follows: AQUATIC PLANT water hyacinth {Eichhornia crassipes 
Mart), LAND PLANTS African tulip tree {Spathodea campanulata Seem,), black 
wattle {Acacia mearnsii De Wild.), Brazilian pepper tree {Schinus lerebinthifolius 
Mart.), cogon grass (Intperata cylindrical L.), cluster pine (Pinuspinaster Ait.), erect 
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pricklypear {Opuntia stricta Haw.), fire tree (Myrica faya L), giant reed (Arundo 
donax L.), gorse {Ulex europaeus L.), hiptage (Hiptage benghalensis L.), Japanese 
knotweed (Fallopia japonica Houtt.), Kahili ginger (Hedychium gardnerianum Ker 
Gawl), Koster's curse {Clidemia hirta (L.) D.Don), kudzu (Pueraria Montana (Lour.) 
Merr. var. lobata (Willd.), lantana {Lantana camara L.), leafy spurge {Euphorbia 
esula L.), leucaena {Leucaena leucocephala Lam.), melaleuca {Melaleuca 
quinquenervia Cav.), mesquite {Prosopis glandulosa Torr.) miconia {Miconia 
calvescens DC), mile-aminute weed {Mikania micrantha Kunth.), mimosa {Mimosa 
pigra L.), privet {Ligustrum robustum L.), pumpwood {Cecropia peltata L.), purple 
loosestrife {Lythrum salicaria L.), quinine tree {Cinchona pubescens Vahl.), 
shoebutton ardisia {Ardisia elliptica Thumb), strawberry guava {Psidium cattleianum 
Sabine), tamarisk {Tamarix ramosissima Ledeb.), wedelia {Sphagneticola trilobata L. 
), yellow Himalayan raspberry {Rubus ellipticus Sm.). The species printed in boldface 
occur in India. Bazos et al., (2009) presented floristic analysis and chorology of alien 
vascular flora of Greece. 326 alien taxa were reported. Richest families were 
Gramineae, Compositae and Leguminosae comprising about 30% of total Amaranthus 
was the largest genus consisting of 18 taxa. Akter and Zuberi, (2009) reported 21 
most abundant herbaceous alien species from northern Bangladesh. California 
Invasive Plant Inventory (Cal-IPC, 2006) documented 39 High species (species with 
severe impact), 65 Moderate species (species with substantial but generally not severe 
impact) and 89 Limited species (species with minor impact or information insufficient 
to justify a higher score). Benitez et al., (2008) inventorized the vascular plants of 
Kahuku Addition of Hawaii Volcanoes National Park. Out of 455 species encountered 
60% were exotic. 
In Europe DAISIE project funded by the sixth framework programme of the 
European Commission provides a "one-stop-shop" for information on biological 
invasions in Europe, delivered via an international team. The general objectives of 
DAISIE are to create an inventory of invasive species that threaten European 
terrestrial, freshwater and marine environments and to structure the inventory to 
provide the basis for prevention and control of biological invasions through the 
understanding of the environmental, social, economic and other factors involved. 
Over 248 datasets have been assembled and verified by experts, representing the 
largest database on invasive species in the world. Lambdon et al., (2008) published 
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detailed results of this programme. According to November 2008, the database 
contains records of 5789 alien plant species in Europe (including those native to a part 
of Europe but alien to another part), of which 2843 are alien to Europe (of extra-
European origin). The research focus was on naturalized species; there are in total 
3749 naturalized aliens in Europe, of which 1780 are alien to Europe. The highest 
number of all alien species, regardless of status, is reported from Belgium (1969). the 
United Kingdom (1779) and Czech Republic (1378). The United Kingdom (857). 
Germany (450), Belgium (447) and Italy (440) are countries with the most naturalized 
neophytes. There are 1567 genera, which have alien members in European countries, 
the commonest being globally diverse genera comprising mainly urban and 
agricultural weeds (e.g., Amaranthus, Chenopodium and Solarium) or cultivated for 
ornamental purposes {Cotoneaster, the genus richest in alien species). Only a few 
large genera which have successfully invaded (e.g., Oenothera, Oxalis. Panicum. 
Helianthus) are predominantly of non-European origin. Conyza canadensis. 
Helianthus tuberosus and Rohinia pseudoacacia are most widely distributed alien 
species. Of all naturalized aliens present in Europe, 64.1% occur in industrial habitats 
and 58.5% on arable land and in parks and gardens. Grasslands and woodlands are 
also highly invaded, with 37.4 and 31.5%), respectively, of all naturalized aliens in 
Europe present in these habitats. Mires, bogs and ferns are least invaded: only 
approximately 10%o of aliens in Europe occur there. 
2.12. STATUS OF INVASIVE SPECIES IN INDIA 
Srivastava (1938) was, probably, first to document exotic species in the flora 
of Allahabad. Several later workers listed exotic plant species and weeds in their 
works (Maheshwari, 1963; Babu, 1976; Husain, 1970; Bennett, 1979; Khan. 1987; 
Bole and Pathak, 1988; Henry et ai, 1989; Daniel, 1996; Khuroo et al, 2007 etc.). A 
larger proportion of 'new records' are, in fact documentation of exotic species. These 
attempts were local in scope and no concerted effort to inventerized alien plant 
species at a national level seems to have been made until the work of Reddy (2008). 
This was first attempt to compile a national inventory of exotic species. Though, the 
inventory was not complete, still it provided much needed impetus to inventorization 
at national and state levels. Khuroo et al, (2011) published a more comprehensive 
inventory of alien flora of India. This inventory comprises of 1599 species belonging 
to 842 genera and 161 families and constitutes 8.5%) of total Indian vascular flora. The 
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three most species-rich families are Asteraceae (134 spp.), Papilionaceae (114 spp.) 
and Poaceae (106 spp.), and the three largest genera are Eucalyptus (25 spp.), 
Ipomoea (22 spp.), and Senna (21 spp.). 
2.13. STATUS OF INVASIVE SPECIES IN UTTAR PRADESH 
In Uttar Pradesh 152 species with 109 genera and 44 families are reported by 
Singh et al., 2010. Asteraceae have maximum number of species (30) followed by 
Fabaceae (12) and then Amaranthaceae, Solanaceae and Convoluaceae with (9) 
species each. The number of exotic species which are common with the inventories of 
India and Uttar Pradesh is 110; remaining 20 species are new additions to exotic flora 
of India and Uttar Pradesh. Reddy, 2008 and Singh et al., 2010 documented 173 and 
152 species of exotic species belonging tol 17 and 109 genera and 44 and 43 families 
from India and Uttar Pradesh respectively. 
2.14. STATUS OF INVASIVE SPECIES IN ALIGARH 
Aligarh comprises 130 alien/invasive angiosperm flora with 98 genera and 43 
families Asteraceae is the largest family with 23 species followed by Amaranthaceae, 
Fabaceae and Poaceae 8 species each. Acanthaceae, Euphorbiaceae, Mimosaceae and 
Solanaceae 4 species each, and Lamiaceae, Malvaceae, Onagraceae, Scrophulariaceae 
3 species each. Ten families contributed 2 species each and 19 families contributed 1 
species each. Exotic flora of Aligarh is largely dominated by Tropical American 
species (64 species, 49% of total exotic taxa). Other significant contributions are 
made by Tropical Africa (11 species), Europe (10 species) and Mediterranean (6 
species). 110 species are common between the inventory of India and Uttar Pradesh, 
remaining 20 species are new additions to flora of India and Uttar Pradesh. 
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3. MATERIAL AND METHODS 
3.1 COLLECTION OF PLANT MATERIAL 
The flowering shoots ofPluchea lanceolata were collected in June, 2011 from 
fallow land in front of Allama Iqbal Hall, AMU, Aligarh, U.P. The collected plant 
material was shade dried for 30 days. 
3.2 STUDY AREA 
The study was conducted in Department of Botany, Aligarh MusUm 
University, Aligarh. Aligarh is located at the coordinates 27.88°N 78.08°E, 178 m 
above msl (mean sea level). Aligarh has a monsoon-influenced humid subtropical 
climate, typical of north-central India. Summers start in April and are hot with 
temperatures peaking in May. The average temperature ranges between 28-33 °C 
(82-91 °F). The monsoon season starts in late June, continuing till early October, with 
high humidity levels. Aligarh gets most of its annual rainfall of 800 millimetres 
(31 inch) during these months. Temperature then decrease, and winter sets in 
December, and continues till early February when Temperature range between 12-16 
°C (54—61 °F). Winters in Aligarh are generally mild, but fog and cold snap 
sometimes occur. The soils are alluvial in nature and affected by salts. 
3.3 EXPERIMENTAL LAYOUT 
The experiments were conducted in 10 inch earthen pots filled with a mixture 
of garden soil and leaf mould (HI). The pots were placed in the net house of the 
Department of Botany. Soil was thoroughly mixed with manure in the 1:1 ratio. The 
pots were arranged in a completely randomized block design All treatments were 
replicated five times and pots were irrigated as per requirement. 
3.4 SEED GERMINATION 
Twenty five thoroughly washed petri dishes lined with absorbent cotton were 
autoclaved as per standard procedure at temperature 121 ''C with a pressure of 15 psi 
for 20 min. They were allowed to cool overnight. Okra and radish seeds were surface 
sterilized with 2% sodium hypochlorite for 15 min (Tomita, 1998). Twenty seeds of 
nearly equal size were placed in each petri dish. The control was irrigated with 
deionised water. Remaining petri dishes were irrigated with different dilution of P. 
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lanceolata extract as outlined in section 3.4.1. Germination data were recorded at 24 
hrs intervals. Emergence of radical is considered as an indicator of germination. 
Percent germination was calculated as follows. 
% Germination 
Number of seeds germinated 
Total number of seeds 
X 100 
3.5 EXPERIMENT - 1 : Effect of P. lanceolata aqueous extract on okra 
In this experiment the okra plants were sprayed with various dilutions of P. 
lanceolata aqueous extract. 
3.5.1 Preparation of P. lanceolata aqueous extract 
The stock aqueous solution extract was prepared by soaking 1 OOg of shade 
dried and finely chopped shoots of P. lanceolata in 500ml distilled water for 48 hours. 
The extract was strained through four layers of cheese cloth followed by two layers of 
Whatman No. 2 filter paper. Various dilutions were obtained mixing the stock 
solution and water as given below. 
Table no. A 
Treatment No. 
1 
2 
3. 
4. 
5. 
Dilutions 
Control 
25% 
50% 
75% 
100% 
Stock solution (ml) 
00 
25.0 
50.0 
75.0 
100.0 
Distilled water (ml) 
100.0 
75.0 
50.0 
25.0 
00 
3.6 EXPERIMENT - 2 : Effect of P. lanceolata amended soil on radish. 
In this experiment radish plants were grown in soil amended with different 
quantities of air dried shoots of P. lanceolata. 
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3.6.1 Soil amendment with dried shoots of P. lanceolata 
Shade dried and powdered shoots were mixed with soil as follows: 
Table no. B 
Treatment No. 
1 
2 
3 
4 
5 
6 
Plant debris (g) 
Control 
20 
40 
60 
80 
100 
Soil (kg) 
3 
3 
3 
3 
3 
3 
3.7 SAMPLING 
In okra sampling was done at three growth stages (15 days, 30 days and 45 
days) from the date of germination. Following parameters were recorded after each 
samplings. 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
Shoot length (cm). 
Root length (cm). 
Shoot dry weight (g). 
Root Diameter (cm). 
Root Volume (cc). 
Root dry weight (g). 
Mean leaf number plant"'. 
Leaf dry weight (g). 
Leaf area (cm^). 
10. Mean fruit number plant''. 
11. Length of fruit plant"'. 
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12. Fruit dry weight plant"'. 
13. Mean seed number plant"'. 
14. Chlorophyll content. ( mg g"') 
Severe cold caused heavy mortality of young plants of radish. Therefore; only 
one sampling was done and only vegetative parameters were recorded. 
3.7.1 Root and shoot length 
Root and shoot length was measured in centimeters with a measuring tape. 
3.7.2 Root diameter 
Root diameter was measured in centimeters with a scale. 
3.7.3 Root volume 
The root volume was determined by the water displacement method. The roots 
were immersed individually in a measuring cylinder containing water and the amount 
of water displaced by each root was measured. The volume of root was expressed in 
cubic centimeter (cc). 
3.7.4 Dry weight of shoots and roots 
The shoots and roots were dried in a hot air oven at 80** C for 24 hours and 
then weighed with an electrical balance. 
3.7.5 Mean fruit and seed number plant'* 
The sum of the number of fruits/seeds borne by the sample was divided by the 
sample size. 
3.7.5 Leaf area 
Leaf area was calculated by graph paper method. 
3.7.6 Chlorophyll estimation 
Chlorophyll was estimated following the method of Mac Kinney (1941). Fresh 
leaves (O.lg) were homogenized in a mortar in the presence of sufficient quantity of 
80% acetone. The extract was filtered and the supernatant collected in the volumetric 
flask. The process was repeated thrice and each time supernatant was collected in the 
same flask. Finally, the volume was made up to 10 ml with 80% acetone. 5ml sample 
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of chlorophyll extract was transferred to a cuvette and absorbance was read at 645 and 
663 nm on spectrophotometer (MINI SPEC digital range from 340 to 960nm, ELICO 
LTD Hyderabad, India SL.No.ll47/AE/03, Type-207). The following formulae were 
used to calculate chlorophyll contents. 
Chlorophyll 'a' mg g"' = 12.7 (A663) - 2.69 (A645) 
Chlorophyll 'b ' mg g"' = 22.9 (A645) - 4.68 (Ages) 
1000 X W 
1000 X W 
V 
Total Chlorophyll mg g'' = 20.2 (A645) - 8.02 (A663) x 
1000 X W 
Where, 
A= absorbance at specific wavelenghts 
V= final volume of chlorophyll extract in 80% acetone 
W= weight of tissue used for extraction of pigment 
3.8 STATISTICAL ANALYSIS 
The data were analyzed statistically using one way analysis of variance 
(ANOVA) and pairwise means were compared using Duncan's muUiple range test (p 
= 0.05 and p=0.01). The analysis was performed with the software R (R Development 
Core Team 2011). 
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4. RESULTS 
A general trend of reduction in all parameters, was recorded in comparison to 
control, with increasing concentration of P. lanceolata aqueous extract or increasing 
addition of shoot litter to soil. Since 25% extract had no statistically significant impact 
on any parameter, therefore, data obtained with this concentration shall not be 
considered any further. 
4.1 SEED GERMINATION 
As shown in Fig-1 germination inhibition was recorded 95% to 18%i in okra 
and 92% to 19% in radish in response to Control to 100% extract treatments. Over all 
germination inhibition was thus, recorded in okra as compared to radish shown in 
Table-1. 
4.2 ROOT LENGTH 
A progressive decline in root length was observed with increasing 
concentration of P. lanceolata extract in okra. At 15 day stage 1.25%) to 26.98% 
statistically significant decline in root length was recorded at 25%) to 100% 
concentration. At the 30 day stage significant declines of 1.80% to 39.03%) were 
recorded. At 45 day stage root length declines of 9.09%), 2137%, and 35.33% in 
response to 50%, 75%, and 100% concentrations were recorded. 
All treatments of litter application caused significant decrease in root length of 
radish ranging from 6.35% to 52.14% as shown in Fig-5 and Table-5. 
4.3 SHOOT LENGTH 
A progressive decline in shoot length, ranging from 0.26% to 20.44%, was 
observed at the 15 day stage with increasing concentration of P. lanceolata shoot 
aqueous extract. Shoot length decline caused by 75%) and 100%) extracts were 
statistically significant while reduction in same parameter caused by 50% extract was 
non-significant (Fig-2). At 30 day stage 8.25% and 29% reductions were caused by 
50% and 100% treatments respectively (Fig-3). At 45 day stage significant reduction 
of 5.68%, 14.79% and 21.42% in shoot length was recorded at 50%), 75%o and 100% 
concentrations respectively as shown in Fig-4. 
Results 
In soil amendment experiment a progressive decline in shoot length was 
observed with increasing quantity of litter. Except L20 all treatment elicited 
statistically significant declines ranging between 6.34% and 65.52% of the control is 
shown in Fig-5 and Table-5. 
4.4 ROOT DIAMETER AND VOLUME 
The significant decline in these parameters was recorded with increasing 
quantity of P. lanceolata litter application treatment (L20 to LI00). Fig-5 and Table-
5 shows 30.08% to 80.48% reduction in root diameter and 25% to 95.45% reduction 
in root volume was recorded in response to L20 to LI00 litter application. 
4.5 MEAN LEAF NUMBER PLANT ' 
This parameter also followed the trend of decline with an increase in 
concentration of the P. lanceolata extract. At the 15 day stage the sprayed plants 
showed significant reduction in mean leaf number per plant ranging from 8.5% to 
42.85% in response to 75% and 100%) extracts. A decline caused by 50% extract was 
significant at 5% confidence level is shown in Fig-2 and Table-2. At 30 day stage 
reduction was significant and ranged from 23.63% to 50.90%. At 45% day stage 
significant losses were recorded in response to 50% to 100% concentrations and 
ranged from 21.11% to 40%. Radish showed significant progressive decline in this 
parameter, ranging from 12.26%) to 67.92%, with increasing quantity of P. lanceolata 
litter application. 
4.6 LEAF AREA 
At the 15 day stage, spray treatments caused decrease in this parameter 
ranging from 8.45% to 40.23%>. Losses caused by 50% to 100%) concentrations were 
statistically significant. At 30 day stage significant reduction in this parameter ranged 
from 2.21% to 13.06%. At 45 day stage this parameter declined by 5.31% to 20.66% 
in response to 50% to 100% concentrations (Table-4). In the litter application 
experiment a progressive decline in radish leaf area was recorded in response to all 
treatments ranging from 11.18% to 85.29% as shown in Fig-5. 
4.7 SHOOT DRY WEIGHT 
At 15 day stage plants sprayed with 25%, 50%, 75% and 100% of P. 
lanceolata extract showed decline in shoot dry weight by 21.73%, 33.33%, 73.91%, 
Results 
and 80.43% respectively. Losses caused by 25% and 50% concentrations were 
significant at 5% confidence level only but those caused by 75% and 100%o extracts 
were significant at both levels of confidence as shown in Table-2. At 30 day stage 
significant losses, caused by 50% to 100% concentrations were recorded and ranged 
from 13.99%) to 30.1%). At 45 day stage shoot dry weight decline ranged from 16.52%) 
to 56.12%. 
A progressive decline in shoot dry weight of radish was recorded with 
increasing amount of litter addition to soil. Losses caused by litter treatments (L20 -
LI00) were statistically significant Table-5. 
4.8 ROOT DRY WEIGHT 
A progressive decline in root dry weight was observed with increase in 
concentration of P. lanceolata extract. At 15 day stage the losses ranged from 1.44% 
to 75.84%) and all losses were significant. At 30 day stage losses ranged from 0.91 %o 
to79.81%). At 45 day stage plants treated with 50%), 75% and 100% extracts showed 
significant decline of 36.24%), 55.89%) and 64.62%) respectively as shown in Fig-4. 
Fig-5 shows a progressive decline in radish root dry weight, ranging from 18.25% to 
73.38%), was recorded with an increase in quantity of P. lancelata litter added to soil. 
4.9 LEAF DRY WEIGHT 
At 15 day stage losses in this parameter ranged from 5.6%o to 74.76% at 25% 
to 100%o concentration as shown in Fig-2. At the 30 day stage significant decline 
caused by 15% and 100%) extracts ranged from 11.59%) to 12.06%) (Fig-3). Similarly, 
at the 45 day stage losses ranged from 0.96%) to 67.63%). 
A progressive decline in leaf dry weight, ranging from 18.91%) to 64.86%), was 
observed with increasing addition of plant litter to soil. 
4.10 MEAN FRUIT NUMBER PLANT ' 
At 45 day stage fruit number per plant declined significantly by 18.51%o, 
40.74% and 57.40%) respectively in response to 50%o, 75% and 100% treatments of F. 
lanceolata aqueous extract as shown in Fig-4. 
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4.11 FRUIT DRY WEIGHT 
The significant slump was recorded at 50%, 75% and 100% of the extract 
concentration except 25% at the 45 day stage. The decline was recorded 32.70% . 
45.91% and 60.37% respectively as shown in Fig-4. 
4.12 MEAN SEED NUMBER FRUIT ' 
At the 45 day stage mean seed number per fruit also declined significantly in 
response to different concentrations of P. lanceolata aqueous extract. The great slump 
was recorded in seed number per plant, at increasing concentration level. Decline in 
seed number per plant in all doses were significant 9.38% to 31.92% except 25% 
concentration level -3.28% as shown in Fig-4 and Table-4. 
4.13 CHLOROPHYLL CONTENTS 
4.13.1 CHLOROPHYLL 'a' 
In okra, at the 15 day stage, significant decline in chlorophyll "a' ranged from 
0.39% to 39.92%. At 30 day stage decline ranged from -0.13% to 41.20% and a 
decline of 0.91% to 29.44% was observed in the 45 day stage are shown in Fig-2, 3 
and 4. 
In radish significant decline in chlorophyll 'a' contents, ranging from 3.38% to 
28.76%, was recorded in response to all litter treatments, except L20, where the 
decline was non-significant. 
4.13.2 CHLOROPHYLL 'b' 
At the 15 day stage of sampling, the decline ranged from 15.62% to 55.78% 
which were significant. Fig-3 shows that at the 30 day stage of sampling losses caused 
by a concentrafion of 50% to 100% are statistically significant but 25% is non 
significant (-1.44%o). At the 45 day stage of sampling all the losses are significant 
except 25% (-1.26%) whereas 50%, 75% and 100%> concentration level are significant 
with losses 9.04%, 13.28%) and 18.09% respecfively. At increase in gm debris shoot 
of P. lanceolata the decline of chlorophyll 'b ' contents was observed. In amendment 
treatment all the losses were significant but 20 gm dose was significant only at 5% 
confidence level and losses recorded as 2.59% to 37.52% as shown in Table-5. 
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4.13.3 TOTAL CHLOROPHYLL 
At the 15 day stage of sampling the losses caused by spray treatment ranged 
from 3.77% to 55.3% and all the concentrations were significant as shown in Fig-2. 
At the 30 day stage of sampling the significant losses were observed at 50%) and 
100%) concentration level which was 53.24%o and 55.3%) whereas non significant 
losses observed at 25%o and 50%o (-7.3l%o and -4.00%). At 45 day stage of sampling 
25%) and 50%) concentration noted to be nonsignificant (-13.59%) and -1.21%)) where 
as 75% and 100%) concentrafion showed significant losses 2.09%o and 5.26% are 
shown in Table-4 and Fig-4. The decline of total chlorophyll contents was observed 
as increasing in gm debris shoot of P. lanceolata in amendment treatment all the 
losses were significant except 20 gm dose treatment which was non significant at both 
confidence level 5% and 1%) as well and the losses observed were 3.71%o to 50.39%o 
are shown in Table-5. 
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5. DISCUSSION 
The data obtained during this study clearly shows that application of P. 
lanceolata aqueous extract as well as application of dried shoots as a soil amendment 
caused a decline in all growths and reproductive parameters. The reduction in these 
parameters caused by higher concentrations of aqueous extracts (spray treatment) or 
higher amount of litter (soil amendment experiment) was statistically significant. 
The incorporation of the shoots of P. lanceolata in soil had a marked effect on 
seed germination. Okra seeds showed more germination inhibition results than radish 
seeds. In radish at the 4th day stage of seed germination 79.34% reduction was 
observed at 100% concentration of P. lanceolata shoot extracts whereas slightly 
higher reduction 81.05% was recorded in okra at 100% concentration level. Inderjit 
and Dakshani, 1990, 1992b, 1996a, 1996b and Inderjit et a/., (1996) have reported the 
inhibition of germination of several plant species by extract of P. lanceolata. Several 
phenolic compounds (hesperidin, taxifolin 3-arabinoside, formonone- tin 7-0-
glucoside, phenol, phloroglucinol, and quercitrin) have been detected in the soils 
associated with P. lanceolata (Inderjit and Dakshini 1991, 1992a, 1994b, 1995b). 
Tripathi et al, (1997) reported that 40% extracts of P. lanceolata and Imperata 
cylindrica reduced germination of Phalaris minor by 30 and 35% respectively, while, 
30% extract of Parthenium hysterophorus completely inhibited germination of 
Phalaris minor. On the other hand 10% extracts of P. lanceolata and Imperata 
cylindrica caused 40% inhibition in Echinocloa colonum. 
Growth parameters (shoot length, root length, and mean leaf numbers plant"') 
also decreased by soil amendment and shoot extract treatments of P. lanceolata. All 
sampling stages showed more reduction in root length than shoot length. At the 15 
day stage, in response to 50% aqueous extract treatment, reduction in shoot length of 
okra was 2.75% and in root length 10.46% , at the 30 day stage 13.0% and 8. 25% and 
at the 45 day stage 5.68% and 9.09% respectively. These results are in agreement with 
the studies of Inderjit (2002). He found that application of? , lanceolata plant debris 
in soil caused significant reduction in shoot length and other growth parameters of 
mustard. Water and nutrient uptake by a plant is a function of rpo^s. A normal root 
development ensures optimum water absorption and nutrient uptake, while 
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suppression of root development will naturally cause a decline in these critical 
physiological processes. As shown in results, application of aqueous extracts as well 
as leaf litter of P. lanceolata caused significant and considerable inhibition of root 
elongation. Many studies have documented similar response of roots to application of 
aqueous extracts and litter of P. lanceolata, P. dioscoridis, C. odorata, P. 
hysterophorus, L. camara and T. diversifolia etc. 
Decline in root, shoot and leaf dry weight was observed with increase in 
concentration of P. lanceolata extract, except 25%. In amendment treatment 
progressive decline was observed from 40g to lOOg litter application treatments. 
Alsaadawi et ah, (1986) are of the opinion that phenolic compounds interfering with 
chlorophyll metabolism and ion uptake may be mechanisms through which some 
phenolic acids inhibit the growth of Cowpea seedlings. Khan et al., (2008) reported 
that aqueous extracts of Eucalyptus camaldulensis L. on the germination (%) and 
seedling growth (fresh and dry weight) of wheat shows inhibitory effect as extract 
concentration was increased. Fresh and dry weight of seedling was also reduced 
significantly over control. Murthy et al., (1995) investigated the effect of Parthenium 
aqueous leaf extract (1% to 10%) on germination and seedling growth in sunflower 
and sorghum. Results indicated that the germination of both species decreased with 
increase in extract concentration and with 10% extract concentration the germination 
was 35 and 20% in sunflower and sorghum respectively. Shoot and root length and 
dry weight were also decreased by increasing concentration. 
Chlorophyll 'a', 'b ' , and total chlorophyll contents of okra and radish plants 
showed a progressive decline with increase in the concentration dose from 25% to 
100%. More reduction was observed in chlorophyll contents at 15 day stage of 
sampling in comparison to rest of the sampling stages in okra plant. At 100% 
concentration level total chlorophyll contents reduction recorded at 15 day stage was 
55.3%, at 30 day stage it was 34.81% and at 45 day stage was recorded as 5.26%. In 
radish also a substantial reduction in total chlorophyll contents was observed at 
various treatments from 20 gm to 100 gm of shoot litter. At 80 gm of litter application 
treatment highest reduction was observed when compared to the other treatment level. 
These observations are also supported by the findings of Inderjit and Dakshani 
(1992b). They reported that the phenolic compounds released by P. lanceolata, 
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significantly reduced seed germination, number of nodes, intemode length, shoot and 
root lengths, nodule number and weight, Chi a and b and Chi a/b ratio of asparagus 
bean plants. The pattern of accumulation of nutrients in shoot and root of asparagus 
bean was also affected. In contrast, the net photosynthetic rate and stomatal 
conductance of fully expanded leaves were higher in plants grown with treated soil. 
Alsaadawi et al, 1986 reported that phenolic compound interfering with chlorophyll 
metabolism and ion uptake may be mechanisms through which some phenolic acids 
inhibit the growth of cowpea seedlings. They found that seedling growth, chlorophyll 
a, total chlorophyll, chlorophyll a/b ratio, and the uptake of N, P, K, Fe, and Mo were 
significantly reduced by most of the test concentrations of the phenolic acids. 
However, the chlorophyll b content and the Mg uptake were not significantly affected 
by all phenolic acid concentrations. Oyerinde et al, (2009) also found that the fresh 
shoot aqueous extract of Tithonia diversifolia did not show a significant allelopathic 
effect on the germination of Zea mays and the fresh shoot aqueous extract of Tithonia 
diversifolia significantly stimulated the growth of older plants two weeks old and 
above. Chlorophyll a, chlorophyll b and total chlorophyll contents were reduced in 
young plants. 
Chlorophyll content is a good estimate of primary productivity. Decline in 
chlorophyll content due to any stress will have an adverse impact on photosynthesis 
and consequently on productivity and yield. In this study, spray treatments (50% and 
above) and litter application (40 g pof' and above) caused a statistically significant 
decline in chlorophyll contents. Another setback to photosynthesis is caused by a 
reduction in leaf area. Thus, reduction in chlorophyll content g"' leaf tissue coupled 
with reduction in leaf tissue itself will cause a substantial decline in total 
photosynthetic pigments and consequently primary productivity as well as the yield. 
Invasive species out-compete the native species to create an ecological space 
for themselves. In fact they force the native species to play on an uneven playing 
field. The native species are made to cope with the weapons (chemicals) about which 
they are clueless, which they are not evolutionarily adapted to. Among several 
theories proposed to explain the success of invasive species, Novel Weapon 
Hypothesis (Callaway & Ridenour, 2004) is perhaps the most convincing and it can 
explain the impact of a good number of invasive plant taxa on native plant species. 
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This theory, which holds that Invasive AHen Species of plants owe their success to 
the chemicals which they synthesize and release into the environment, may be 
considered as an extension of Allelopathy. The inhibitory or stimulatory effect of a 
plant (donor) on other plants (receiver) through the chemicals released from the donor 
plant into the environment, mostly in the soil, is known as allelopathy. These 
chemicals may reach the receiver plants in various ways, including leaching from 
plant foliage (aqueous extract treatment is a simulation of this donor to receiver plant 
allelochemical transfer), exuded from the roots, and decomposition of dead residue of 
the donor plants (litter application treatment in this study). However, allelopathy in 
soil is a complicated phenomenon that is affected by soil conditions, growth condition 
of the donor and receiver plants and climatic condition (Kobayashi, 2004). Secondary 
metabolites e.g., phenolics, terpenoids, alkaloids, polyacetylenes, fatty acids, and 
steroids can act as allelochemicals (Rice, 1984; Waller, 1987; Inderjit et al., 1996). 
Inderjit (1991) investigated the inhibitory potential of the aqueous extracts of the two 
compounds Hesperetin-7-rutinoside (Hesperidin) and taxifolin-3-arabinoside from 
soil associated with P. lanceolata. The inhibitory potential of the aqueous extracts of 
the two compounds was established and confirmed through seed germination and 
seedling growth experiment of radish, mustard and tomato. P. lanceolata achieves its 
interference success by producing water-soluble phenolic compounds that inhibit 
germination and growth of certain plant species (Inderjit and Dakshini 1990, 1992b, 
1996a, 1996b; Inderjit et al, 1996). Several phenolic compounds e.g. hesperidin, 
taxifolin-3-arabinoside, formonone-tin 7-0-gIucoside, phenol, phloroglucinol, and 
quercitrin have been detected in the soils associated with this weed (Inderjit and 
Dakshini, 1991, 1992a, 1994b, 1995a). 
This study establishes, beyond any doubt, that okra and radish are not suitable 
crops to grow in P. lanceolata infested soils in agro-climatic conditions of Aligarh. 
There will be up to 60% and 73% reduction in the yield of marketable parts (fruits in 
okra and roots in radish) of these crops depending on the intensity of infestation. This 
yield reduction will inevitably translate into heavy financial losses for growers. 
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50 
TERMINOLOGY 
Alien invasive species: (lUCN, 1999) An alien species which becomes 
established in natural or semi-natural ecosystems or habitat, is an agent of 
change, and threatens native biological diversity. 
Alien species (Non-native, Non-indigenous, Foreign, Exotic): (lUCN, 1999) 
A species, subspecies, or lower taxon occurring outside of its natural range (past 
or present and dispersal potential (i.e. outside the range it occupies naturally or 
could not occupy without direct or indirect introduction or care by humans) and 
includes any part, gametes or propagule of such species that might survive and 
subsequently reproduce.). 
Aquatic nuisance species: Heutte and Bella, 2003 explained aquatic species 
that cause economic or environmental harm to humans and Colautti and 
Macisaac, 2004 defines an aquatic species with adverse effects on humans, 
either directly (e.g. species that produce toxins that are harmful to humans) or 
indirectly (e.g. species that infest nature reserves). 
Biological control or biocontrol: Carlton, 2001 described biocontrol as the 
release of one species to control another and according to Booth et ai, 2003 the 
management of weeds using introduced herbivores (often insects) as biological 
control agents. 
Biological diversity or biodiversity: Allaby, 2010 used to describe species 
richness, ecosystem complexity, and genetic variation. 
Casual species: (Becoming less common in usage term) A non native species 
that does not form self-replacing populations (Booth et ai, 2003). 
Chemical control: According to Heutte and Bella, 2003 Control method that 
employs herbicides to control exotic plants. 
Cryptogenic species: Cohen and Carlton, 1988 described cryptogenic species 
as species that are neither clearly native nor exotic. 
Endemic: According to Allaby, 2010 species or taxonomic group that is 
restricted to a particular geographic areas because of such factors as isolation or 
response to soil or climatic conditions; this species is said to be endemic to the 
place and would be native. 
Exotic species: According to Heutte and Bella, 2003 this term is commonly 
used in publications and literature, and is similar to the terms (alien species, 
foreign species, introduced species, non indigenous species, and non native 
species) and Noss and Cooperrider, 1994 defines exotic species as an 
introduced, non native species, or a species that is the result of direct or indirect, 
deliberate or accidental introduction of the species by humans, and for which 
introduction permitted the species to cross a natural barrier to dispersal. 
Indigenous: (Synonym for native species) According to Allaby, 1998 a species 
that occurs naturally in an area; although see "endemic". 
Injurious species: According to Heutte and Bella, 2003 an introduced species 
that cause economic or environmental harm to humans. Similar terms include 
aquatic nuisance species, noxious weed, and invasive species. 
Intentional introduction: According to Booth et ai, 2003 species that are 
brought to a new area, country, or bioregion for a specific purpose, such as in a 
garden or lawn; a crop species; a landscaping species; a species that provides 
food; a groundcover species; for soil stabilization or hydrological control; for 
aesthetics or familiarity of the species; or other purposeful reasons. An lUCN, 
1999 described as, an introduction made deliberately by humans, involving the 
purposeful movement of a species outside of its natural range and dispersal 
potential. (Such introductions may be authorized or unauthorized). 
Introduced species: lUCN, 1999 means the movement, by human agency, of a 
species, subspecies, or lower taxon (including any part, gametes or propagule 
that might survive and subsequently reproduce) outside its natural range (past or 
present). This movement can be either within a country or between countries. 
Invasion: According to (Booth et al., 2003) the expansion of a species into an 
area not previously occupied by it. 
Invasive species: (Executive Order, 1999) described as, an alien species whose 
introduction does or whose introduction is likely to cause economic or 
environmental harm or harm to human health. 
Native range: The ecosystem that a species inhabits (Booth et ai, 2003). 
Native species: 
i. A synonym for indigenous species 
ii. Allaby, 2010 explained native species that occur naturally in an area, and 
has not been introduced by humans either intentionally or unintentionally. 
Native weed (invasive native): Foster and Sandberg, 2004 described a species 
that is native to an area or bioregion that has increased in number dramatically. 
In cases of disturbance or change to a landscape, a ruderal species can increase 
in cover and compete with other native plants, threatening the diversity of a 
community. In other cases, landscape level changes can cause the increase of the 
population of a species, for example- white-tailed deer in the northeastern part 
of the United State, which are at the highest levels historically and cause 
damage to humans, crops, and structures, suffer high disease levels, and pose 
threats to humans through interactions on roads. 
Naturalized species: According to Allaby, 2010 a species that was originally 
introduced from a different country, a different bioregion, or a different 
geographical area, but now behaves like a native species in that it maintains 
itself without further human intervention and now grows and reproduces in 
native communities. 
Niche opportunity: ( Shea and Chesson, 2002) The conditions that promote 
invasions in terms of resources, natural enemies, the physical environment, 
interactions between these factors, and the manner in which they vary in time 
and space. 
Nonindigenous species: (Shea and Chesson, 2002) This is a common term used 
along with non native species and introduced species in current literature and 
publications; other similar terms include alien species, exotic species, and 
foreign species. 
Non native species: (Booth et al, 2003) The species whose presence is due to 
intentional or unintentional introduction as a result of human activity. 
Noxious weed: According to Heutte and Bella, 2003 Native or non-native 
plants, or plant products, that injure or cause damage to interests of agriculture, 
irrigation, navigation, natural resources, public health, or the environment. 
Unintentional introduction: According to EPA, 1990 an introduction of 
nonindigenous species that occurs as the result of activities other than the 
purposeful or intentional introduction of the species involved, such as the 
transport of nonindigenous species in ballast or in water used to transport fish, 
mollusks or crustaceans for aquaculture or other purposes. 
Weed: (Allaby,2010) A plant in the wrong place, being one that occurs 
opportunistically on land or in water that has been disturbed by human activities 
(see also ruderal species and native weed or invasive native), or on cultivated 
land, where it competes for nutrients, water, sunlight, or other resources with 
cultivated plants such as food crops. Under different circumstances the weed 
plant itself may be cultivated for beneficial purposes. 
